.6 -10.0 for seawater and pH 10.5 -11.4 for a table-salt solution. The coprecipitated elements could be determined by inductively coupled plasma atomic emission spectrometry; yttrium was used as an internal standard element. The detection limits ranged from 0.0016 μg (Mn(II)) to 0.22 μg (Zn(II)) in 100 mL of sample solutions. The operation time required to separate 11 elements was approximately 30 min.
Recently, multielement profiling analysis, in which major-toultratrace elements are determined and the distribution patterns of the elements are analyzed, has gathered attention to provide information about the elemental cycle in the environment. 3, 4 Inductively coupled plasma atomic emission spectrometry (ICP-AES) is a powerful method for multi-elemental analysis. 5 For the determination of trace elements in environmental water samples, however, a preconcentration/separation technique is often required because of a lack of sensitivity and interference by matrices in the samples. 5 Among various preconcentration/ separation techniques, coprecipitation with metal hydroxide is widely used for the ICP-AES determination of trace elements. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] In the coprecipitation method, however, the required quantitative separation of the precipitate is troublesome and time-consuming. To avoid such a quantitative separation prosess, a rapid coprecipitation technique has been proposed. [23] [24] [25] [26] [27] [28] [29] In this technique, a carrier element used for coprecipitation also plays a role as an internal standard element. The carrier element is precipitated to coprecipitate trace elements in sample solutions. The precipitate is separated by using a decantation, short-time centrifugation, and so on; in this process, a part of the precipitate might be lost together along with a portion of the coprecipitated trace elements. However, the total amounts of trace elements in the sample solution can be determined by using the carrier element as an internal standard element, because the loss of trace elements is generally proportional to that of the carrier element.
Yttrium hydroxide [30] [31] [32] has been used as a coprecipitant for the separation of some impurities, including tin 30 and manganese 31 in zinc and copper metals. It is of great advantage for trace elemental analysis that yttrium compounds with high purity are commercially available. Yttrium as a carrier element has an insignificant spectral interference for the ICP-AES determination of many elements. However, to our knowledge, no application of yttrium hydroxide to the preconcentration/separation of trace elements in environmental water samples has been reported.
In this work, we developed a preconcentration/separation method based on a rapid coprecipitation technique using yttrium hydroxide as a coprecipitant for the determination of trace elements in environmental water samples, especially saline water. In this method, 11 trace elements in 100 mL of saline water could be coprecipitated using a small amount of yttrium and a constant amount of sodium hydroxide solution. After separation and dissolution of the precipitate, the amount of trace elements could be determined by ICP-AES; yttrium could be used as an internal standard element. The developed method was simple and rapid, and was satisfactorily applicable to analyses of certified reference material and table salts.
Experimental

Apparatus
A Perkin Elmer Optima 3000DV inductively coupled plasma atomic emission spectrometer was used to measure elements. The emission intensity of each element was measured in the axial view mode at each wavelength summarized in Table 1 ; the other operating conditions were the same as those reported previously. 23 The pH measurement was carried out by using a Horiba F-22 pH meter. A Kubota Model 5400 centrifuge was used for separating the precipitate.
Reagents
Purified water obtained by a Millipore Milli-Q purification system was used for all experiments. A yttrium solution (1 g L -1 ) was prepared by dissolving yttrium oxide (99.99%, Nacalai Tesque) in 5 mL of concentrated hydrochloric acid (for poisonous metal analysis, Kanto Chemical) and diluting to 100 mL with purified water. A commercially available ICP multielement standard solution XVI, which contains 21 elements including Be(II), Ti(IV), Cr(III), Mn(II), Fe(III), Co(II), Ni(II), Cu(II), Zn(II), Cd(II), and Pb(II) (100 mg L -1 each, Merck), was used.
The standard solution was diluted to a desired concentration in each experiment. The other reagents were of guaranteed or analytical reagent grade.
Sample solutions
For investigating the optimum conditions for coprecipitation, seawater and a table-salt solution was used as sample solutions. Seawater was sampled in Toyama Bay (Toyama, Japan); it was filtered through a membrane filter (Nihon Millipore, Omnipore membrane, pore size of 0.45 μm) before each experiment. A table-salt solution was prepared by dissolving 5.00 g of table salt (Ishikawa, Japan) with 100 mL of purified water. The appropriate amount of the standard solution containing trace elements was added to the seawater and table-salt solutions. For determining trace elements, 5.00 or 10.00 g of each table salt was dissolved with 100 mL of purified water.
Procedure for separation of trace elements
The sample solution (100 mL) was taken into (for seawater) or prepared in (for table-salt solution) a 175 mL of polystyrene centrifuge bottle (Nalgene). To the solution, 5 mL of a 2.0 mol L -1 nitric acid solution and 1 mL of a yttrium solution (1 g L -1 ) were added. A precipitate was formed after adding 3.7 mL of a 3 mol L -1 sodium hydroxide solution. The solution was allowed to stand for approximately 10 min. After centrifugation at 3500 rpm for 5 min, the supernatant solution was discarded. Purified water (10 mL) was added to the centrifuge bottle, which was then shaken by hand. The precipitate was re-centrifuged and dissolved with 5 mL of 1 mol L -1 nitric acid. The trace elements in these solutions were determined by ICP-AES; yttrium was used as an internal standard element. Solutions for blank tests and calibration curves were also prepared using 100 mL of purified water and purified water spiked with trace elements, respectively, in the same manner for the sample solution.
Results and Discussion
Coprecipitation of trace elements with yttrium hydroxide
Yttrium was quantitatively precipitated at a pH value of more than 11.1 from 100 mL of purified water spiked with 1 mg of yttrium and 5 μg of each trace element. It was found that Be(II), Ti(IV), Cr(III), Mn(II), Fe(III), Co(II), Ni(II), Cu(II), and Cd(II) were quantitative copreciptated (within 90 -111%) with yttrium hydroxide at pH 11.1 -12.1. Yttrium hydroxide also quantitatively coprecipitated Zn(II) and Pb(II) at pH 11.1 -11.3; however, the recoveries of Zn(II) and Pb(II) decreased with increasing the pH above 11.3. In previous reports, yttrium hydroxide was used to coprecipitate some elements, including Sn and Mn in zinc and copper metals by adding aqueous ammonia for pH adjustments. [30] [31] [32] Zn(II) and Cu(II) were quantitatively coprecipitated in our investigations; this would be due to using a sodium hydroxide solution instead of aqueous ammonia.
Yttrium was also almost completely precipitated from 100 mL of seawater, and a table-salt solution at pH more than 9.6. Quantitative recoveries (91 -106%) were obtained for all 11 elements at pH 9.6 -10.0 for seawater and at pH 10.5 -11.4 for the table-salt solution. The difference in the pH ranges for the quantitative precipitation of yttrium and recoveries of trace elements by the different sample solutions was also reported for other coprecipitation systems. In coprecipitation with indium hydroxide, 6 a quantitative precipitation of indium was achieved at a pH value above approximately 5.5 from artificial seawater, although the precipitation was insufficient at a pH value below approximately 7 from pure water. In gallium coprecipitation, 13 precipitated gallium increased with increasing the concentration of magnesium ion in solution; the recoveries of trace elements also showed a strong dependence on the concentration of both gallium and magnesium in the solution. In our investigations, the contents of magnesium ions in 100 mL of the seawater and the table-salt solution were 72.4 and 5.8 mg, respectively. The pH ranges of the coprecipitation with yttrium hydroxide would be dependent on the concentration of some constituents, such as magnesium in the sample solutions.
In the coprecipitation method, a pH adjustment using a pH meter was sometimes cumbersome. To simplify the process of adjusting the pH, a constant amount of 3 mol L -1 sodium hydroxide solution was added into the sample solutions as an operation in the proposed method. When 3.7 mL of the sodium hydroxide solution was added to 100 mL of purified water, seawater and a table-salt solution containing 5 mL of 2.0 mol L -1 nitric acid, 1 mg of yttrium and 5 μg of each trace elements, the solution pH was approximately 11.3, 9.7 and 10.7, respectively. In this case, the recoveries of all 11 trace elements were quantitative. Therefore, 3.7 mL of the sodium hydroxide solution was used for the pH adjustment.
The recoveries of the 11 trace elements reached within 93 -105% for approximately 10 min after formation of the precipitate. No significant change of the recoveries was observed when the solution was left standing for at least 4 h.
Application to rapid coprecipitation technique
A carrier element used for the rapid coprecipitation technique must satisfy the following requirements:
26-29 1) the content of the carrier element in the sample solution must be negligibly small, 2) the carrier element added to the solution must be quantitatively precipitated, 3) the loss of the carrier element must be proportional to that of each trace element in the precipitate-separation process, and 4) the carrier element must be readily determined. In general, the yttrium background level in environmental water samples is negligible compared with the added yttrium in the proposed method (1 mg). Yttrium could be quantitatively precipitated in 100 mL of the seawater, and the table-salt solution by adding 3.7 mL of the sodium hydroxide solution, and sensitively determined by ICP-AES. To verify that yttrium would meet the requirement 3), the relationship between the emission intensity of yttrium and that of each element after coprecipitation was investigated as follows. A part of the formed precipitate was discarded together with the 1022 ANALYTICAL SCIENCES AUGUST 2007, VOL. 23 σ mother liquor by decantation, and the remaining precipitate was collected by filtration. After dissolution of the precipitate, the yttrium and the trace elements were determined by ICP-AES. As shown in Fig. 1 , linear relationships were obtained in all of the elements; that is, the loss of each trace element was proportional to that of the precipitate. Based on these results, it can be concluded that yttrium is applicable to the carrier element for the rapid coprecipitation technique.
The amounts of matrix ions removed by the proposed coprecipitation method are summarized in Table 2 . Nearly 100% of sodium, potassium, and calcium ions in 100 mL of the table-salt solution were removed when the precipitate was washed with 10 mL of purified water after centrifugation at 3500 rpm for 5 min. Approximately 30% of magnesium contained in the table-salt solution was remained after washing; this was due to the lower solubility of magnesium hydroxide. Even in this case, the trace elements coprecipitated could be determined using yttrium as an internal standard element without any interference by magnesium.
Calibration curves and detection limits
Calibration curves, which are the relationships between the amounts of the trace elements and the emission intensity ratios of the trace elements to yttrium, could be prepared after coprecipitation using 100 mL of purified water spiked with the trace elements in the same manner as for the sample solution. Straight lines were obtained for all of the trace elements, as summarized in Table 1 . Sub μg L -1 levels of Be(II), Cr(III), Mn(II), Co(II), Ni(II) and Cd(II), and μg L -1 levels of the other elements would be detected by combining the proposed coprecipitation method and ICP-AES.
The detection limits, which were defined as 3-times the standard deviations obtained from 10 replicate determinations of a blank solution after coprecipitation, are appended in Table  1 . The blank values were 0.024 ± 0.002 μg (mean ± standard deviation, n = 10) for Cr(III), 0.003 ± 0.0005 μg for Mn(II), 0.18 ± 0.01 μg for Fe(III) and 0.038 ± 0.006 μg for Ni(II); the values for the other elements were less than the detection limits.
Determination of trace elements in certified reference material and table salts
To validate the proposed method, 11 elements in the certified reference material, EnviroMAT TM ground water (ES-L-1, SCP Science), were determined. As shown in Table 3 , the obtained results were nearly equal to the certified values. The 11 elements in 2 kinds of table salts were also determined. As shown in Table 4 , Cr(III), Mn(II), Fe(III), and Ni(II) could be detected. The recovery tests were also carried out using a solution spiked with the trace elements; all of the spiked 1023 ANALYTICAL SCIENCES AUGUST 2007, VOL. 23 elements were recovered within 10% error. The operation time required for separating the trace elements was approximately 30 min. These results indicate that the coprecipitation method will be useful for preconcentration/separation of the trace elements in environmental water samples, including saline water, and will also contribute to the analysis of table salt.
